We examine the UV reprocessing efficiencies of warm dust and polycyclic aromatic hydrocarbons (PAHs) through an analysis of the mid-and far-infrared surface luminosity densities of 85 nearby Hα-selected star-forming galaxies detected by the volume-limited KPNO International Spectroscopic Survey (KISS). Because Hα selection is not biased toward continuum-bright objects, the KISS sample spans a wide range in stellar masses (10 8 -10 12 M⊙), as well as Hα luminosity (10 39 -10 43 ergs/s), mid-infrared 8.0µm luminosity (10 41 -10 44 ergs/s), and [Bw-R] color (-.1-2.2). We find that mid-infrared polycyclic aromatic hydrocarbon (PAH) emission in the Spitzer IRAC 8.0µm band correlates with star formation, and that the efficiency with which galaxies reprocess UV energy into PAH emission depends on metallicity. We also find that the relationship between far-infrared luminosity in the Spitzer MIPS 24µm band pass and Hα-measured star-formation rate varies from galaxy to galaxy within our sample; we do not observe a metallicity dependence in this relationship. We use optical colors and established mass-to-light relationships to determine stellar masses for the KISS galaxies; we compare these masses to those of nearby galaxies as a confirmation that the volume-limited nature of KISS avoids strong biases. We also examine the relationship between IRAC 3.6µm luminosity and galaxy stellar mass, and find a colordependent correlation between the two.
Introduction
Many lines of evidence now link mid-and far-infrared emission to star-forming activity. For example, observations of star-forming regions in nearby galaxies (e.g., ??) show that much of the ultraviolet emission from young stars is absorbed by dust and then re-emitted in the mid-and far-infrared. In particular, because the 7.7µm polycyclic aromatic hydrocarbon (PAH) vibrational band falls within the Spitzer 8.0µm band pass, ultraviolet-excited IRAC 8.0µm PAH emission is believed to track star-formation rate (SFR) (e.g., ??). Moreover, ?, ?, and ? find that the luminosities of star-forming galaxies in the Spitzer 8.0µm band correlate with SFRs measured through other means.
Likewise, thermal emission from warm dust is also tied to star-forming activity because the thermal energy budget of warm dust is dominated by heating from ultraviolet light. Specifically, many works (e.g., ?????) report that luminosity in the Spitzer 24µm band tracks SFR since this bandpass is dominated by the thermal spectrum of warm dust. Supporting this correlation, ? find that warm dust, as measured by Spitzer MIPS 70µm observations, traces out star-forming regions in M81, as opposed to cold dust, observed in Herschel 70-500µm data, whose thermal budget is dominated by evolved stars and is thus detected throughout M81.
However, modern infrared observations indicate that neither 8.0µm nor 24µm emission is a straightforward SFR indicator. Both of these indicators trace obscured star formation; although the majority of star 1 formation takes place deep in heavily obscured molecular clouds, unobscured ultraviolet light is not represented in the infrared energy budget. For this reason, any galaxy-wide feature which diminishes the effective covering factor will affect the correlation of these infrared luminosities with star-formation rate.
For example, ? and ? note that 8.0µm luminosity is sensitive to both star-formation history and metallicity since PAH molecules contain carbon. Complicating matters further, the ultraviolet light that causes a relationship between PAH emission and SFR also destroys PAHs. ? and ? note that PAH emission is strongest on the rims of HII regions, and speculate that the radiation environment in the centers of star-forming complexes is simply too harsh for PAH molecules to survive. Likewise, silicate dust, the most probable source of far-IR thermal emission, is also sensitive to metallicity, and even silicate dust can be destroyed by sufficiently high temperatures. Additionally, very small grains are subject to stochastic heating by UV photons, and may be out of equilibrium. Complicating matters further, at low star-formation rates the energy contribution from evolved stars can become a significant part of the thermal budget of even warm dust (?). Finally, thermal dust emission alone is ambiguous because dust-enshrouded AGN can also heat interstellar dust (e.g., ?).
In an effort to relate existing metrics of star-formation rate and characterize the infrared energy budgets of star-forming galaxies, we present an analysis of mid-infrared (IRAC), far-infrared (MIPS), and optical photometry of 85 low-redshift Hα-bright star-forming galaxies detected by the KPNO International Spectroscopic Survey (KISS) (KISS; ?), a quasi-volume-limited Hα selected survey. Because Hα selection is not biased toward continuum-bright objects, the KISS sample effectively characterizes star-forming galaxies by spanning a wide range of properties, such as stellar masses (10 8 -10 12 M ⊙ ) and log(O/H) + 12 metallicities (7.8-9.2).
While photometry in all four IRAC bands and the MIPS 24µm band is tabulated in Table 1 , we focus on IRAC 3.6µm, IRAC 8.0µm, and MIPS 24µm because of their relevance to star formation studies. Luminosity in the IRAC 8.0µm band comes from a combination of sources (e.g., ?). The primary contributors in the IRAC 8.0µm band are vibrational emission lines of PAHs and the thermal tail of the old stellar population. Luminosity in the MIPS 24µm band, on the other hand, samples only thermal dust (e.g., ?). The IRAC 3.6µm band is believed to sample primarily the thermal tail of the old stellar population. By studying these fluxes in tandem, we distinguish these different sources of luminosity. The IRAC 4.5µm and 5.8µm bands are less useful for this particular purpose because they contain weaker PAH bands and more contamination from the stellar continuum than the 8.0µm band.
While similar research has been conducted previously (e.g., ??????), KISS has the significant advantage that it evenly samples galaxies across four orders of magnitude in luminosity with observations that span a factor of 60 in wavelength range. Moreover, unlike other studies sampling small regions within galaxies (??), the objective-prism spectra ensure that KISS SFRs are global SFRs and can be directly compared to integrated broadband SFR indicator candidates, such as IRAC 8.0µm and MIPS 24µm luminosities.
In Section 2, we describe the observations, basic data processing, and photometry procedures. In Section 3, we describe the analysis used to examine the connections and correlations between Hα measured SFRs, infrared luminosities, and galaxian stellar masses. In Section 4, we discuss the implications of these relations and compare our finding to those published in other works. For this work, we assume a ΛCDM cosmology with H 0 = 67.04 km s −1 Mpc −1 , Ω m = 0.3183, and Ω Λ = 0.6817 (?).
Observations 2.1 KISS Hα-Selected Sample
The KISS field used in this work is located in the NOAO Deep Wide Field Survey (NDWFS; ?) in Boötes (?). The KISS objects were selected from objective-prism spectra to have redshifts < 0.095 and Hα emission 5σ above their median spectral continua. Objective-prism spectra are preferable to slit spectra for estimating total Hα luminosity for extended objects because they capture all of the flux from the object rather than the small fraction that would fall on a slit. A redshift (volume) limit rather than a magnitude limit ensures that the sample is not biased toward galaxies that are intrinsically bright in the continuum.
In the KISS Boötes field, 131 Hα emission line objects were identified. The initial detections were followed up with higher resolution spectroscopy using the Hobby Eberly Telescope (HET), the KPNO 2.1 meter, the MDM 2.4 meter, and the Lick 3 meter telescopes (?????) . Using the higher resolution spectra, 28 AGN and LINER galaxies were rejected through an extinction-corrected [N II]λ6583/Hα versus [O III]λ5007/Hβ line diagnostic diagram (?). Even though AGN hosts may be sites of star-forming activity, we are unable to disentangle AGN Hα emission from that of star-forming activity, making the SFR measurement from such galaxies unreliable. We concentrated on the 98 remaining objects for our study. Metal abundance estimates were computed for all galaxies using emission-line ratios of strong lines by employing the coarse abundance method described in ? and ?; typical uncertainties in log(O/H) + 12 are 0.12 dex.
The Hα luminosities referenced in this paper shall hereafter refer to Hα luminosities that are measured from objective-prism data and are extinction-corrected using Balmer decrements (c Hβ ) from follow-up spectra. This correction assumes a single screen model for dust extinction; in this assumption we incur an uncertainty because the Balmer decrement measurements from the follow-up spectra represent the extinction averaged over only the regions encompassed by the slit used in the follow-up spectra. Thus, this uncertainty has a systematic component in that, for objects of large angular size, where only a smaller fraction of the object was encompassed in the slit, the correction applied is more likely to deviate from the true value.
We incur another uncertainty from the assumption of a flat stellar continuum underneath the Hα and Hβ emission lines. With high resolution spectra, it is sometimes possible to estimate the stellar absorption and appropriately correct the emission lines; the follow-up KISS spectra are not of sufficient resolution. The primary effect is that the computed emission-line strengths are lower than the true values, affecting the Balmer decrements. This issue, and the ramifications of using the method we describe here, are thoroughly discussed by ?. They report that our method can underestimate star-formation rates; for the median stellar mass of our objects, this underestimation is 12%, and is much less, even zero, for low mass or low metallicity objects.
Normalizing to the angular sizes of the KISS galaxies in the IRAC 3.6µm channel (see below), we list the Hα surface luminosity densities and SFR surface densities in Table 1 .
Hα Star-Formation Rates
To calibrate mid-and far-infrared broadband photometry as star-formation rate indicators, we use extinctioncorrected Hα luminosity as a benchmark indicator. Because the stars contributing with any significance to the ionizing flux have short lifetimes (< 20 Myr), extinction-corrected Hα luminosity is an indicator of current star formation and is relatively independent of star-formation history. ? provides an Hα luminosity to SFR calibration using solar abundances and a Salpeter IMF (0.1 -100 M ⊙ ):
2.3 Spitzer photometric calibration of the MIPS instrument are around 2% 7 , and we adopt a 2% uncertainty for our MIPS photometric measurements as well. Although MIPS 70µm and MIPS 160µm imaging exists for the KISS galaxies, the object-to-noise contrast is such that the detection rate is less than fifty percent in these bands. As a result, discussion of MIPS 70µm and MIPS 160µm photometry is not included in this work.
The Spitzer Deep Wide-Field Survey provides IRAC mosaics that are calibrated, co-added, and science ready. For the MIPS 24µm photometry we used archival Post Basic Calibrated Data mosaics. Typically, 2-4 Spitzer MIPS observations exist for each object, although a small number have only one observation. We co-added the MIPS observations to construct postage-stamp images after aligning them with centroiding software from the NOAO Image Reduction and Analysis Facility (IRAF).
NDWFS Optical Imaging
Because the KISS Boötes field was chosen to overlap with the heavily studied NDWFS Boötes field (?), deep optical images exist for the majority of the KISS galaxies in the Boötes field. In particular, this study makes use of Bw, R, and I band data for 76 of the 88 star-forming galaxies KISS galaxies covered by the Spitzer Deep Wide Field Survey to calculate stellar masses for these galaxies using well-known mass-to-light relations (?) (see Section 3.3).
As with the objective-prism Hα measurements, we corrected the Bw, R, and I band measurements for extinction using a single-screen model along with the Balmer decrements (c Hβ ) from follow-up spectra. All references to optical photometry hereafter, including the stellar masses, shall refer to the extinction corrected values.
Detection and Photometry
We calculated luminosity surface densities for each object in each of the NDWFS, Spitzer IRAC, and Spitzer MIPS images discussed in the previous two subsections (when available) using extended source detection an measurement for each object performed with SExtractor (?). We used the IRAC 3.6µm images as SExtractor detection images; the elliptical photometric regions computed by SExtractor based on the IRAC 3.6µm images were used for photometry in images from all of the other bands, guaranteeing that the fluxes calculated in every band are from the same physical regions within the galaxies. In this fashion we produced extended-source photometric measurements for each object in up to eight bands: the NDWFS Bw, R, and I bands, all four Spitzer IRAC channels, and the MIPS 24µm channel. The NDWFS optical images were binned and the MIPS 24µm images were up-sampled in a flux-conserving manner to match the plate Spitzer Deep Wide Field Survey plate scale. In all cases, the SExtractor FLUX AUTO was used. We then converted these fluxes into luminosity surface densities (Σ λ ) using the angular area of each object in the detection image.
After detecting and measuring the KISS objects within these images, we applied aperture corrections to our IRAC and MIPS measurements using aperture corrections derived in the SWIRE data release (?), as suggested by the Spitzer IRAC Handbook 6 . The goals of SWIRE are similar to ours in that they rely in a comparison between the four IRAC and the MIPS 24µm channels, and the aperture corrections that they derive are consistent with those derived by the IRAC and MIPS instrument teams. As a check, we compared the IRAC magnitudes determined with this method to those listed in the catalog in ?; typically, they were within two tenths of a magnitude.
Although the IRAC 8.0µm channel is dominated by PAH vibrational transitions, there is, however, significant contamination from the red tail of the late-type stellar continuum in the 8.0µm band pass which must removed before any PAH-based SFR metric can be assessed. Because spectral energy distribution (SED) models (e.g., ?) indicate that the IRAC 3.6µm band pass samples the old stellar population almost exclusively, a dust-only 8.0µm luminosity can be created by using the 3.6µm luminosity to estimate and remove the stellar contribution in the 8.0µm band. As in ?, we assume that the flux in the 3.6µm band is dominated by the stellar continuum and, extrapolating this continuum, adopt a coefficient β = 0.232 to be the ratio of the stellar component of the flux density in the 8.0µm band to the total flux density in the 7 MIPS Data Handbook: http://ssc.spitzer.caltech.edu/mips/dh/ 4 3.6µm band. This ratio is derived from the Starburst99 model (?), and as the stellar SED in the mid-infrared regime is not a strong function of stellar age, it is likely to be a reasonable approximation. This technique is also used in other work (e.g., ????), although the adopted value of β differs between authors, 0.22-0.29 in ? and 0.26 in ?, for instance.
Likewise, we remove the stellar continuum from the IRAC 4.5µm, 5.8µm, and MIPS 24µm image measurements, using the β values of 0.596, 0.399, and 0.032, respectively (?). Note that, unlike the correction made to the 8.0µm data, these corrections have very little impact on our analysis since the β value for MIPS 24µm is fairly small and that our analysis does not utilize the IRAC 4.5µm and 5.8µm measurements, where the contamination is more significant. All references to Σ λ in any of these channels shall hereafter refer to dust-only values. Table 1 lists luminosity surface densities for the IRAC 3.6µm channel, as well as dust-only surface luminosities for the remaining IRAC channels and the MIPS 24µm channel.
Because we focus on luminosity surface densities, we largely bypass the uncertainty introduced by translating flux into luminosity via the redshift. However, it is still necessary to account for the difference between angular diameter distance and luminosity distance; to this end, we have multiplied each of the Σ λ values by (1 + z) 4 as a final step. All of the values listed in Table 1 and used in our analysis have been corrected in this way.
Analysis

Mid-and Far-Infrared Correlations with Total SFR
Because PAH features dominate non-stellar 8.0µm flux by more than a factor of 100 above warm dust emission, and nearly a factor of 10 above the stellar continuum (??, see their Figures 8 and 10), several works (e.g., ?) calibrate 8.0µm luminosity as an SFR indicator. Using extinction-corrected Hα luminosity as a reference indicator, we test these calibrations against the KISS sample of galaxies.
To this end, Figure 1 plots Hα-measured SFR surface densities against 8.0µm luminosity surface densities for the KISS galaxies that have 8.0µm measurements, along with an error-weighted linear regression determined using the method described in ?. The points have been color coded for log (O/H)+ 12 metallicity from follow-up spectroscopy (when available); a typical uncertainty in log (O/H) + 12 is 0.12 dex, and a color key is to the right of the plot. The merit of the 8.0µm luminosity to SFR calibrations discussed in earlier works is evident from the correlation in Figure 1 . The fitted empirical relationship is shown here, with SFRs and luminosities in units of M ⊙ yr −1 kpc −2 and erg s −1 kpc −2 , respectively : log Σ SFR = −39.6 ± 3.44 + 0.925 ± 0.0829 × log Σ 8.0µm
For the purpose of comparing this relationship to earlier works, we rewrite this relationship in units of M ⊙ yr −1 and L ⊙ :
We list the fitted coefficients for these relations in Table 2 , along with the analogous coefficients from other work (??). Different authors generally agree on the power-law coefficient for this relationship, typically giving it a value around 0.8-1.0; moreover, these relationships agree in their predicted SFR values over the range that their calibrations overlap. However, it should be noted that the samples were collected by different means. ? use a magnitude-limited sample favoring large galaxies. Acknowledging this, they mention that if several dwarf galaxies had been included in their fit, the slope of their relation would have been differentcloser to the one found in this work. ? fit their relations to HII regions in M81, but PAH emission may be sensitive to filling factors and other physical effects that would make whole galaxy relations differ from relations based on individual HII regions.
The data presented here exhibit a greater scatter about the trend line than the data presented in earlier works, with a Spearman rank-order coefficient of 0.52. Because KISS is a more representative sample of galaxies, we expect greater variation from the trend line due to galaxy-to-galaxy variation in the physical processes that drive the relationships between infrared luminosities and star-formation rates. Additionally, we also expect deviations from the trend line due to the filling factor phenomenon, as well as random variations in the systematic uncertainties in the extinction correction (see below for discussion).
Because of the known issues involved in using PAH emission as an SFR indicator, much of the focus has shifted to 24µm far-infrared thermal dust emission as an infrared SFR indicator. Many works (e.g., ???) suggest that 24µm luminosity is linked to ionizing photons both on the galactic scale and on the scale of star-forming complexes. This band is longward of stellar emission, thus mitigating the somewhat model-dependent correction needed when examining 8.0µm luminosity.
We plot in Figure 2 extinction-corrected Hα SFR against 24µm luminosities for 74 KISS galaxies. In contrast to earlier works focusing on star-forming clumps within galaxies (e.g., ??), or LIRGs rather than normal galaxies, (e.g., ?) we find that the data in Figure 2 show only a weak trend of increasing Σ 24µm with Σ SFR , and have a relatively low Spearman rank-order coefficient of 0.37.
These data do not unambiguously indicate any breaks in the luminosity relation seen in other work, such as the diminished 8.0µm and 24µm emission from dwarf galaxies seen in ? or the enhanced 24µm emission from high luminosity galaxies seen in ?. This is likely due to the greater intrinsic scatter in the KISS sample (as discussed below). Additionally, ? point out that one motivation for a piecewise indicator is the Luminous Infrared Galaxy (LIRG) mode of star formation at the high luminosity end ( L 24µm ∼ > 5 × 10 43 erg/s); this volume-limited sample has no LIRGs and only four objects with luminosities in this range, making a piecewise relation with a break at this luminosity both unwarranted and impossible to constrain in this study.
In order to investigate the possibility that the scatter in Figure 2 is driven by systematic uncertainties in the Hα extinction correction, we compare in Figure 3 the extinction corrected Hα measurements to L Hα(obs) +0.02×L 24µm , the linear combination of uncorrected (observed) Hα and 24µm luminosities indicated in ?. They find that this combination of obscured and unobscured SFR indicators best reproduces the carefully corrected Hα values they report, making it an excellent SFR indicator in cases where extinction corrections are not available.
The cloud of points in Figure 3 is centered around L Hα(cor) = L Hα(obs) + 0.02 × L 24µm , indicating that our extinction corrections produce a corrected Hα value that, on average, agrees with the value predicted by the relationship in ? based on our 24µm data. There is ∼ 0.5 dex of scatter (similar to that shown in Figure 11 of ?) but no systematic variation with c Hβ (Spearman rank-order coefficient of -0.13), suggesting that a systematic error in extinction correction is not responsible for the scatter in Figures 2 and 3.
Variation in Reprocessing Efficiency
One possible explanation for the scatter in Figures 1 and 2 is a variation in the UV to IR reprocessing efficiency from galaxy-to-galaxy. For example, one might suspect that a metallicity enhancement would increase a galaxy's IR luminosity for a given SFR since both PAHs and silicate grains require elements heavier than hydrogen. This possibility is decidedly suggested by the metallicity gradient visible in Figure 1 , where the objects above the trend line tend to have slightly lower metallicities than objects below the trend line.
To explore this idea further, we plot in Figure 4 the 8.0µm efficiency; that is, the ratio of the dust-only 8.0µm surface luminosity density to extinction-corrected Hα luminosity surface density, vs metallicity. The data in this plot show a positive trend, with a Spearman rank-order coefficient of 0.63, indicating that more metal rich galaxies are more efficient at reprocessing UV photons into PAH vibrational emission features. The fitted empirical relationship is:
As mentioned above, the extinction correction applied to the Hα measurements used in the Σ SFR calculation dominates the uncertainty budget in our SFR measurements; if this uncertainty had a systematic component to it, it is possible that, since metallicity and extinction are causally linked, a systematic error the extinction correction could artificially create the trend seen in Figure 4 . To address this issue, we plot in Figure 5 the 8.0µm efficiency (described above) against the c Hβ Balmer decrement for each object. We conclude from the lack of correction in Figure 5 (Spearman rank-order coefficient of -0.03) that we can reject with high confidence the possibility that the relationship between 8.0µm efficiency and metallicity is driven by systematic errors in the Hα extinction correction.
? explore the idea that metallicity affects PAH reprocessing of UV starlight with a sample of galaxies designed to span a wide range in metallicity; their conclusions are similar, indicating that low metallicity galaxies are PAH deficient, or, at least PAH inefficient. One explanation they suggest is drawn from the idea that the ISM is enriched with oxygen before carbon-rich asymptotic giant branch stars release the carbon needed to form PAHs. We explore this idea here by in Figure 6 , where we plot 8.0µm efficiency against extinction-corrected Bw-R observed color, a crude indicator of stellar age; the data in Figure 6 show no correlation, with a Spearman rank-order coefficient of 0.02.
It is important to note that the lowest metallicity galaxies in this sample are more than a dex more metal rich than the lowest in the sample presented by ?, who interpret the link between metallicity and 8.0µm properties as a break in infrared colors around a metallicity of log(O/H) + 12 < ∼ 8. The lack of correlation of 8.0µm efficiency with Bw-R color in this sample is not in disagreement with the concept of carbon-rich asymptotic giant branch stars affecting the PAH content of the ISM, but it does suggest that the the link between metallicity and 8.0µm efficiency is more complex than a simple correlation with stellar age in the range sampled by KISS and probed by Bw-R colors.
Properties of the KISS Galaxies
Without greater insight into the nature of the galaxies being studied it is unclear if the correlations presented above are physically significant across a range of redshifts. To investigate the properties of the KISS sample, we measured the stellar masses of the KISS galaxies using well-established mass-to-light ratios (?). The mass-to-light ratios in ? that we used are based on Sloan Digital Sky Survey photometry and population synthesis models. Specifically, we utilized parameters from Table 7 in ? to write the logarithmic stellar mass of a galaxy, in units of M ⊙ , as its logarithmic I band luminosity plus a linear function of [B-R] color:
We note here that ? report that their optical mass-to-light relations have an uncertainty of ∼ 0.1 dex, and that we have propagated this uncertainty forward through the equations that follow. Figure 7 represents with a black histogram the masses of the 76 KISS galaxies for which Bw, R, and I band data are available. For comparison, we have represented with a red histogram the stellar masses of galaxies from the The GALEX Ultraviolet Atlas of Nearby Galaxies (?). These masses were also computed from broadband photometry using mass-to-light ratios from ?. As can be seen in Figure 7 , the distribution of masses of KISS galaxies follows closely that of the galaxies from ?. Also included in Figure 7 are several Local Group galaxies; the KISS mass distribution spans these objects, and we conclude that the survey methodology behind KISS is effective at sampling typical galaxies.
Because λ = 3.6µm is well into the Rayleigh-Jeans tail, even for M stars, the mid-infrared colors of stellar populations are not a strong function of age or metallicity, and are even less affected by dust obscuration and reddening than H and K bands. For these reasons, 3.6µm luminosity is appealing as a stellar mass indicator. While the 3.6µm band is contaminated by emission from hot dust and the 3.3µm PAH emission feature, these sources contribute only 5 to 15% of the whole-galaxy luminosity flux in this band (?). In Figure 8 we plot integrated 3.6µm luminosities vs stellar masses for the 76 galaxies for which we have NDWFS photometry. The horizontal (stellar mass) error bars are dominated by the 0.1 dex uncertainty in the ? mass-to-light relationships. The relationship between the parameters in Figure 8 is fairly scattered, with a Spearman rank-order coefficient of 0.47; moreover, it is clearly dependent on Bw-R color, and, upon close inspection, bimodal.
The reason is apparent in Figure 9 , where we see a bimodal color distribution. Previously, we reported a much tighter relationship between the 3.6µm luminosity and stellar mass for these same galaxies (?), however in that analysis our photometry was performed using apertures that were designed to encompass all of the objects and avoid missing light; the elliptical regions detected by SExtractor are restricted to photometrically secure areas, which favors the centers of galaxies over the outskirts. Thus, late-type galaxies that are bulge dominated have much redder colors in the analysis presented here. We interpret the bimodality in Figure  9 as a bimodality in the colors of galaxy centers, which is still apparent, though less obvious, in the trend presented in ?. The mass surface densities, computed via the ? relationship above and the optical luminosity surface densities, are presented in Table 1 .
As a confirmation, we plot in Figure 10 a histogram of the effective radii of the KISS galaxies, as detected by SExtractor in the IRAC 3.6µm images. Here we define the effective radius to be the geometric mean of the semi-major and semi-minor axes. The distribution in Figure 10 peaks at around 1.5 kpc; from this we conclude that the regions which are photometrically secure in the SDWFS IRAC 3.6µm images are restricted to the central portions of the galaxies.
Discussion
Using luminosity surface densities we confirm the correlations directly relating 8.0µm luminosities to starformation rates presented in earlier work (??, see Table 2 ). Our method has the advantage that it normalizes out galaxy size, unlike results from studies which use whole galaxy luminosities, thereby removing the possibility that the correlations presented are simply due to larger galaxies being, on average, brighter in all bands. Our use of Σ λ rather than L λ also largely sidesteps additional uncertainty in the redshift to distance calculation (see Section 2).
We find that our data show a much larger relative scatter. Because of its Hα selection, KISS samples a broad range of star-forming galaxies, especially when compared with the samples of earlier authors, such as ?, who selected bright galaxies, ?, ?, and ?, who studied star-forming regions in nearby galaxies, or ?, who studied dwarf galaxies. Although the direct relationships presented here have more scatter, they are more representative of Hα-bright galactic populations by virtue of drawing upon an Hα-selected volumelimited sample. Moreover, the extinction-corrected objective-prism Hα measurements give this sample total galaxy-wide SFRs, while other work commonly samples only parts of the target galaxies with slit spectra.
The results here are consistent with work to date in reporting that 8.0µm PAH emission correlates with SFR with a power-law coefficient slightly less than unity, around 0.9 in this work and in ?. In line with earlier work (e.g., ???), we speculate here that the coefficient value of less than one is driven by the destruction of PAHs by ultraviolet light. This idea is in-line with observations that PAH emission is predominantly on the rims of HII regions (??). The power-law coefficient of around 0.9 in the PAH to SFR relation is, then, hardly unexpected as large galaxies with vigorous star formation are more likely to have many HII regions than to have one monolithic region. Multiple HII regions would increase the surface area to volume ratio, and with it the PAH reprocessing efficiency.
As mentioned above, earlier works (e.g., ??) note that the carbon content of PAHs make 8.0µm luminosity sensitive to both star-formation history and metallicity. We speculate, as they suggest, that galaxies with higher metallicities or richer star-formation histories might be more PAH rich and have larger ultraviolet covering factors, which is in keeping with the findings in ?, and would also explain the trend in Figure  4 . While neither this work nor ? possess a simple metric for star-formation history, our findings strongly complement their sample of galaxies, which were selected to span an extremely wide range in metallicities. In particular, the lack of correlation between 8.0µm efficiency and extinction (see Figure 5 ) suggests that the scatter in the correlation between Σ 8.0µm and Σ SFR is not driven by older galaxies being dustier in general, but rather having a higher proportion of PAHs to silicate dust.
Directly comparing our data to the relationships presented in ? and ?, we find that the ? relationship under predicts SFR for a given 8.0µm luminosity, while the ? relationship over predicts SFR for a given 8.0µm luminosity; our data and our fitted relationship are logarithmically intermediate. This is consistent with the metallicity to PAH reprocessing efficiency relationship presented in ?, since ? examined dwarf galaxies, with low metallicities, and ? focused on bright galaxies, which largely represent the cores of mature galaxies. Our volume-limited sample shows a larger spread than either of these studies and falls in between.
In contrast, we find relatively little correlation between Σ 24µm and Σ SFR . With a Spearman rank-order coefficient of 0.37, we cannot rule out the possibility that there is a weak correlation between these parameters, however any such relationship is dominated by galaxy-to-galaxy variation within the mass, metallicity, and luminosity range that this sample covers. Moreover, from the color coding scheme in Figure 2 , it is clear that there is no particular trend with metallicity. Again, by normalizing to galaxy size, we have removed the effect of larger galaxies being, on average, brighter in all bands.
It is important to note that context is critical to the choice and use of SFR indicators. Our study focuses on galaxy-wide correlations, which blend together emission from a range of environments. Since warm dust far-infrared emission is typically observed deep in HII regions, studies which focus on individual HII regions, or LIRGS, whose luminosities are dominated by monolithic star-forming complexes, may observe correlations with 24µm luminosity which are very strong when applied to star-forming regions within galaxies but are blended together and blurred out in whole-galaxy photometry. Our study suggests that MIPS 24µm analogs are not effective as whole-galaxy SFR indicators for typical field galaxies.
Conclusions
Using our Hα-selected sample of star-forming galaxies, we confirm the calibrations from earlier work (e.g., ?????) indicating that IRAC 8.0µm luminosity tracks SFR as measured by Hα emission. The physical mechanisms for this indicator, ultraviolet-excited PAH vibrational line emission, is well understood. We also support observations linking 8.0µm emission to metallicity, with findings that more metal rich galaxies are more efficient at processing UV photons into PAH emission. This behavior does not appear to be correlated with extinction or Bw-R color. Conversely, we find that MIPS 24µm warm dust thermal emission is a poor indicator of galaxy-wide star formation.
Using optical mass-to-light ratios, we find that the KISS sample of galaxies closely mimics nearby galaxies in terms of stellar mass distribution. We find that IRAC 3.6µm luminosity tracks stellar mass, but not sufficiently well that it can be applied without a color correction.
In future work, fitting the SEDs of KISS galaxies will allow us to characterize the typical SEDs of starforming galaxies. Modern SED models allow the inclusion of far-infrared dust emission. Using the 3.6µm band to anchor the stellar mass and the optical bands to calibrate the stellar age, with the KISS sample we can estimate the PAH and dust contributions to the infrared SEDs of high-redshift star-forming galaxies observable with ALMA and Herschel.
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ABSTRACT
We examine the UV reprocessing efficiencies of warm dust and polycyclic aromatic hydrocarbons (PAHs) through an analysis of the mid-and far-infrared surface luminosity densities of 85 nearby Hα-selected star-forming galaxies detected by the volumelimited KPNO International Spectroscopic Survey (KISS). Because Hα selection is not biased toward continuum-bright objects, the KISS sample spans a wide range in stellar masses (10 8 -10 12 M ⊙ ), as well as Hα luminosity (10 39 -10 43 ergs/s), mid-infrared 8.0µm luminosity (10 41 -10 44 ergs/s), and [Bw-R] color (-.1-2.2). We find that midinfrared polycyclic aromatic hydrocarbon (PAH) emission in the Spitzer IRAC 8.0µm band correlates with star formation, and that the efficiency with which galaxies reprocess UV energy into PAH emission depends on metallicity. We also find that the relationship between far-infrared luminosity in the Spitzer MIPS 24µm band pass and Hα-measured star-formation rate varies from galaxy to galaxy within our sample; we do not observe a metallicity dependence in this relationship. We use optical colors and established mass-to-light relationships to determine stellar masses for the KISS galaxies; we compare these masses to those of nearby galaxies as a confirmation that the volume-limited nature of KISS avoids strong biases. We also examine the relationship between IRAC 3.6µm luminosity and galaxy stellar mass, and find a color-dependent correlation between the two.
INTRODUCTION
Many lines of evidence now link mid-and far-infrared emission to star-forming activity. For example, observations of star-forming regions in nearby galaxies (e.g., Calzetti et al. 2005; Pérez-González et al. 2006) show that much of the ultraviolet emission from young stars is absorbed by dust and then re-emitted in the mid-and far-infrared. In particular, because the 7.7µm polycyclic aromatic hydrocarbon (PAH) vibrational band falls within the Spitzer 8.0µm band pass, ultraviolet-excited IRAC 8.0µm PAH emission is believed to track star-formation rate (SFR) (e.g., Wu et al. 2005; Calzetti et al. 2005) . Moreover, Wu et al. (2005) , Hong et al. (2010) , and Rosenberg et al. (2006) find that the luminosities of star-forming galaxies in the Spitzer 8.0µm band correlate with SFRs measured through other means.
Likewise, thermal emission from warm dust is also tied to star-forming activity because the thermal energy budget of warm dust is dominated by heating from ultraviolet light. Specifically, many works (e.g., Wu et Relaño et al. 2007; Calzetti et al. 2010) report that luminosity in the Spitzer 24µm band tracks SFR since this bandpass is dominated by the thermal spectrum of warm dust. Supporting this correlation, Bendo et al. (2010) find that warm dust, as measured by Spitzer MIPS 70µm observations, traces out star-forming regions in M81, as opposed to cold dust, observed in Herschel 70-500µm data, whose thermal budget is dominated by evolved stars and is thus detected throughout M81.
However, modern infrared observations indicate that neither 8.0µm nor 24µm emission is a straightforward SFR indicator. Both of these indicators trace obscured star formation; although the majority of star formation takes place deep in heavily obscured molecular clouds, unobscured ultraviolet light is not represented in the infrared energy budget. For this reason, any galaxy-wide feature which diminishes the effective covering factor will affect the correlation of these infrared luminosities with star-formation rate. Bendo et al. (2006) note that PAH emission is strongest on the rims of HII regions, and speculate that the radiation environment in the centers of star-forming complexes is simply too harsh for PAH molecules to survive. Likewise, silicate dust, the most probable source of far-IR thermal emission, is also sensitive to metallicity, and even silicate dust can be destroyed by sufficiently high temperatures. Additionally, very small grains are subject to stochastic heating by UV photons, and may be out of equilibrium. Complicating matters further, at low star-formation rates the energy contribution from evolved stars can become a significant part of the thermal budget of even warm dust (Boquien et al. 2011 ). Finally, thermal dust emission alone is ambiguous because dust-enshrouded AGN can also heat interstellar dust (e.g., Sanders & Mirabel 1996) .
In an effort to relate existing metrics of star-formation rate and characterize the infrared energy budgets of starforming galaxies, we present an analysis of mid-infrared (IRAC), far-infrared (MIPS), and optical photometry of 85 low-redshift Hα-bright star-forming galaxies detected by the KPNO International Spectroscopic Survey (KISS) (KISS; Salzer et al. 2000) , a quasi-volume-limited Hα selected survey. Because Hα selection is not biased toward continuumbright objects, the KISS sample effectively characterizes star-forming galaxies by spanning a wide range of properties, such as stellar masses (10 8 -10 12 M⊙) and log(O/H)+12 metallicities (7.8-9.2).
While photometry in all four IRAC bands and the MIPS 24µm band is tabulated in Table 1 , we focus on IRAC 3.6µm, IRAC 8.0µm, and MIPS 24µm because of their relevance to star formation studies. Luminosity in the IRAC 8.0µm band comes from a combination of sources (e.g., Wu et al. 2005) . The primary contributors in the IRAC 8.0µm band are vibrational emission lines of PAHs and the thermal tail of the old stellar population. Luminosity in the MIPS 24µm band, on the other hand, samples only thermal dust (e.g., Wu et al. 2005) . The IRAC 3.6µm band is believed to sample primarily the thermal tail of the old stellar population. By studying these fluxes in tandem, we distinguish these different sources of luminosity. The IRAC 4.5µm and 5.8µm bands are less useful for this particular purpose because they contain weaker PAH bands and more contamination from the stellar continuum than the 8.0µm band.
While similar research has been conducted previously (e.g., Rosenberg et al. 2006; Calzetti et al. 2007 Calzetti et al. , 2010 Wu et al. 2005; Alonso-Herrero et al. 2006; Pérez-González et al. 2006) , KISS has the significant advantage that it evenly samples galaxies across four orders of magnitude in luminosity with observations that span a factor of 60 in wavelength range. Moreover, unlike other studies sampling small regions within galaxies Pérez-González et al. 2006) , the objective-prism spectra ensure that KISS SFRs are global SFRs and can be directly compared to integrated broadband SFR indicator candidates, such as IRAC 8.0µm and MIPS 24µm luminosities.
In Section 2, we describe the observations, basic data processing, and photometry procedures. In Section 3, we describe the analysis used to examine the connections and correlations between Hα measured SFRs, infrared luminosities, and galaxian stellar masses. In Section 4, we discuss the implications of these relations and compare our finding to those published in other works. For this work, we assume a ΛCDM cosmology with H0 = 67.04 km s −1 Mpc −1 , Ωm = 0.3183, and ΩΛ = 0.6817 (Planck Collaboration et al. 2013 ).
OBSERVATIONS
KISS Hα-Selected Sample
The KISS field used in this work is located in the NOAO Deep Wide Field Survey (NDWFS; Jannuzi & Dey 1999) in Boötes ). The KISS objects were selected from objective-prism spectra to have redshifts < 0.095 and Hα emission 5σ above their median spectral continua. Objective-prism spectra are preferable to slit spectra for estimating total Hα luminosity for extended objects because they capture all of the flux from the object rather than the small fraction that would fall on a slit. A redshift (volume) limit rather than a magnitude limit ensures that the sample is not biased toward galaxies that are intrinsically bright in the continuum.
In the KISS Boötes field, 131 Hα emission line objects were identified. The initial detections were followed up with higher resolution spectroscopy using the Hobby Eberly Telescope (HET), the KPNO 2.1 meter, the MDM 2.4 meter, and the Lick 3 meter telescopes (Wegner et al. 2003; Gronwall et al. 2004; Melbourne et al. 2004; Jangren et al. 2005b; Salzer et al. 2005a) . Using the higher resolution spectra, 28 AGN and LINER galaxies were rejected through an extinction-corrected [N II]λ6583/Hα versus [O III]λ5007/Hβ line diagnostic diagram (Baldwin et al. 1981) . Even though AGN hosts may be sites of star-forming activity, we are unable to disentangle AGN Hα emission from that of starforming activity, making the SFR measurement from such galaxies unreliable. We concentrated on the 98 remaining objects for our study. Metal abundance estimates were computed for all galaxies using emission-line ratios of strong lines by employing the coarse abundance method described in Melbourne & Salzer (2002) and Salzer et al. (2005b) ; typical uncertainties in log(O/H) + 12 are 0.12 dex.
We incur another uncertainty from the assumption of a flat stellar continuum underneath the Hα and Hβ emission lines. With high resolution spectra, it is sometimes possible to estimate the stellar absorption and appropriately correct the emission lines; the follow-up KISS spectra are not of sufficient resolution. The primary effect is that the computed emission-line strengths are lower than the true values, affecting the Balmer decrements. This issue, and the ramifications of using the method we describe here, are thoroughly discussed by Brinchmann et al. (2004) . They report that our method can underestimate star-formation rates; for the median stellar mass of our objects, this underestimation is 12%, and is much less, even zero, for low mass or low metallicity objects.
Hα Star-Formation Rates
To calibrate mid-and far-infrared broadband photometry as star-formation rate indicators, we use extinction-corrected Hα luminosity as a benchmark indicator. Because the stars contributing with any significance to the ionizing flux have short lifetimes (< 20 Myr), extinction-corrected Hα luminosity is an indicator of current star formation and is relatively independent of star-formation history. Kennicutt & Evans (2012) provides an Hα luminosity to SFR calibration using solar abundances and a Salpeter IMF (0.1 -100 M⊙):
Spitzer
The Spitzer data used in this project came from the Spitzer Deep Wide-Field Survey (Ashby et al. 2009 ) and The Spitzer Program to Observe the NDWFS Field in Boötes (Soifer et al. 2004 ). Spitzer IRAC 6 mosaics from the Spitzer Deep Wide-Field Survey cover 88 of the 98 KISS star-forming galaxies; we detect all 88 of these galaxies in IRAC 3.6µm and 85 in IRAC 8.0µm . Because our photometric uncertainties are dominated by the uncertainties in the absolute calibration of the IRAC instrument, around 3% 6 , we adopt a 3% uncertainty for all our IRAC photometric measurements.
The archival MIPS data from Soifer et al. (2004) provide this project with archival Spitzer MIPS 7 24µm band coverage for 81 KISS star-forming galaxies; 74 are detected. The uncertainties in the absolute photometric calibration of the MIPS instrument are around 2% 7 , and we adopt a 2% uncertainty for our MIPS photometric measurements as well. Although MIPS 70µm and MIPS 160µm imaging exists for the KISS galaxies, the object-to-noise contrast is such that the detection rate is less than fifty percent in these bands. As a result, discussion of MIPS 70µm and MIPS 160µm photometry is not included in this work.
The Spitzer Deep Wide-Field Survey provides IRAC mosaics that are calibrated, co-added, and science ready. For the MIPS 24µm photometry we used archival Post Basic Calibrated Data mosaics. Typically, 2-4 Spitzer MIPS observations exist for each object, although a small number 6 IRAC Data Handbook: http://ssc.spitzer.caltech.edu/irac/dh/ 7 MIPS Data Handbook: http://ssc.spitzer.caltech.edu/mips/dh/ have only one observation. We co-added the MIPS observations to construct postage-stamp images after aligning them with centroiding software from the NOAO Image Reduction and Analysis Facility (IRAF).
NDWFS Optical Imaging
Because the KISS Boötes field was chosen to overlap with the heavily studied NDWFS Boötes field (Jannuzi & Dey 1999) , deep optical images exist for the majority of the KISS galaxies in the Boötes field. In particular, this study makes use of Bw, R, and I band data for 76 of the 88 star-forming galaxies KISS galaxies covered by the Spitzer Deep Wide Field Survey to calculate stellar masses for these galaxies using well-known mass-to-light relations (Bell et al. 2003 ) (see Section 3.3).
Detection and Photometry
We calculated luminosity surface densities for each object in each of the NDWFS, Spitzer IRAC, and Spitzer MIPS images discussed in the previous two subsections (when available) using extended source detection an measurement for each object performed with SExtractor (Bertin & Arnouts 1996) . We used the IRAC 3.6µm images as SExtractor detection images; the elliptical photometric regions computed by SExtractor based on the IRAC 3.6µm images were used for photometry in images from all of the other bands, guaranteeing that the fluxes calculated in every band are from the same physical regions within the galaxies. In this fashion we produced extended-source photometric measurements for each object in up to eight bands: the NDWFS Bw, R, and I bands, all four Spitzer IRAC channels, and the MIPS 24µm channel. The NDWFS optical images were binned and the MIPS 24µm images were up-sampled in a flux-conserving manner to match the plate Spitzer Deep Wide Field Survey plate scale. In all cases, the SExtractor FLUX AUTO was used. We then converted these fluxes into luminosity surface densities (Σ λ ) using the angular area of each object in the detection image.
After detecting and measuring the KISS objects within these images, we applied aperture corrections to our IRAC and MIPS measurements using aperture corrections derived in the SWIRE data release (Surace et al. 2005) , as suggested by the Spitzer IRAC Handbook 6 . The goals of SWIRE are similar to ours in that they rely in a comparison between the four IRAC and the MIPS 24µm channels, and the aperture corrections that they derive are consistent with those derived by the IRAC and MIPS instrument teams. As a check, we compared the IRAC magnitudes determined with this method to those listed in the catalog in Ashby et al. (2009) ; typically, they were within two tenths of a magnitude.
Although the IRAC 8.0µm channel is dominated by PAH vibrational transitions, there is, however, significant contamination from the red tail of the late-type stellar continuum in the 8.0µm band pass which must removed before any PAH-based SFR metric can be assessed. Because spectral energy distribution (SED) models (e.g., Li & Draine 2001) indicate that the IRAC 3.6µm band pass samples the old stellar population almost exclusively, a dust-only 8.0µm luminosity can be created by using the 3.6µm luminosity to estimate and remove the stellar contribution in the 8.0µm band. As in Helou et al. (2004) , we assume that the flux in the 3.6µm band is dominated by the stellar continuum and, extrapolating this continuum, adopt a coefficient β = 0.232 to be the ratio of the stellar component of the flux density in the 8.0µm band to the total flux density in the 3.6µm band. This ratio is derived from the Starburst99 model (Vázquez & Leitherer 2005) , and as the stellar SED in the mid-infrared regime is not a strong function of stellar age, it is likely to be a reasonable approximation. This technique is also used in other work (e.g., Calzetti et al. 2007; Pérez-González et al. 2006; Rosenberg et al. 2006; Wu et al. 2005) , although the adopted value of β differs between authors, 0.22-0.29 in Calzetti et al. (2007) and 0.26 in Wu et al. (2005) , for instance.
Likewise, we remove the stellar continuum from the IRAC 4.5µm, 5.8µm, and MIPS 24µm image measurements, using the β values of 0.596, 0.399, and 0.032, respectively (Helou et al. 2004) . Note that, unlike the correction made to the 8.0µm data, these corrections have very little impact on our analysis since the β value for MIPS 24µm is fairly small and that our analysis does not utilize the IRAC 4.5µm and 5.8µm measurements, where the contamination is more significant. All references to Σ λ in any of these channels shall hereafter refer to dust-only values. Table 1 lists luminosity surface densities for the IRAC 3.6µm channel, as well as dust-only surface luminosities for the remaining IRAC channels and the MIPS 24µm channel.
ANALYSIS
Mid-and Far-Infrared Correlations with Total SFR
Because PAH features dominate non-stellar 8.0µm flux by more than a factor of 100 above warm dust emission, and nearly a factor of 10 above the stellar continuum Li & Draine 2001 , see their Figures 8 and 10 ), several works (e.g., Calzetti et al. 2007 ) calibrate 8.0µm luminosity as an SFR indicator. Using extinction-corrected Hα luminosity as a reference indicator, we test these calibrations against the KISS sample of galaxies. To this end, Figure 1 plots Hα-measured SFR surface densities against 8.0µm luminosity surface densities for the KISS galaxies that have 8.0µm measurements, along with an error-weighted linear regression determined using the method described in Akritas & Bershady (1996) . The points have been color coded for log (O/H) + 12 metallicity from follow-up spectroscopy (when available); a typical uncertainty in log (O/H) + 12 is 0.12 dex, and a color key is to the right of the plot. The merit of the 8.0µm luminosity to SFR calibrations discussed in earlier works is evident from the correlation in Figure 1 . The fitted empirical relationship is shown here, with SFRs and luminosities in units of M⊙ yr −1 kpc −2 and erg s −1 kpc −2 , respectively :
log ΣSFR = −39.6 ± 3.44 + 0.925 ± 0.0829 × log Σ8.0µm (3) For the purpose of comparing this relationship to earlier works, we rewrite this relationship in units of M⊙ yr −1 and L⊙:
log SFR = −8.5 ± 0.7 + 0.93 ± 0.08 × log L8.0µm (4) We list the fitted coefficients for these relations in Table 2, along with the analogous coefficients from other work (Wu et al. 2005; Pérez-González et al. 2006) . Different authors generally agree on the power-law coefficient for this relationship, typically giving it a value around 0.8-1.0; moreover, these relationships agree in their predicted SFR values over the range that their calibrations overlap. However, it should be noted that the samples were collected by different means. Wu et al. (2005) use a magnitude-limited sample favoring large galaxies. Acknowledging this, they mention that if several dwarf galaxies had been included in their fit, the slope of their relation would have been different-closer to the one found in this work. Pérez-González et al. (2006) fit their relations to HII regions in M81, but PAH emission may be sensitive to filling factors and other physical effects that would make whole galaxy relations differ from relations based on individual HII regions.
Because of the known issues involved in using PAH emission as an SFR indicator, much of the focus has shifted to 24µm far-infrared thermal dust emission as an infrared SFR indicator. Many works (e.g., Alonso-Herrero et al. 2006; Pérez-González et al. 2006; Calzetti et al. 2005) suggest that 24µm luminosity is linked to ionizing photons both on the galactic scale and on the scale of star-forming complexes. This band is longward of stellar emission, thus mitigating the somewhat model-dependent correction needed when examining 8.0µm luminosity.
We plot in Figure 2 extinction-corrected Hα SFR against 24µm luminosities for 74 KISS galaxies. In contrast to earlier works focusing on star-forming clumps within galaxies (e.g., Pérez-González et al. Calzetti et al. 2005) , or LIRGs rather than normal galaxies, (e.g., Alonso-Herrero et al. 2006 ) we find that the data in Figure  2 show only a weak trend of increasing Σ24µm with ΣSFR, Comparing Infrared Star-Formation Rate Indicators with Optically-Derived Quantities 5 and have a relatively low Spearman rank-order coefficient of 0.37.
These data do not unambiguously indicate any breaks in the luminosity relation seen in other work, such as the diminished 8.0µm and 24µm emission from dwarf galaxies seen in Wu et al. (2005) or the enhanced 24µm emission from high luminosity galaxies seen in Calzetti et al. (2007) . This is likely due to the greater intrinsic scatter in the KISS sample (as discussed below). Additionally, Calzetti et al. (2010) point out that one motivation for a piecewise indicator is the Luminous Infrared Galaxy (LIRG) mode of star formation at the high luminosity end ( L24µm ∼ > 5 × 10 43 erg/s); this volume-limited sample has no LIRGs and only four objects with luminosities in this range, making a piecewise relation with a break at this luminosity both unwarranted and impossible to constrain in this study. In order to investigate the possibility that the scatter in Figure 2 is driven by systematic uncertainties in the Hα extinction correction, we compare in Figure 3 the extinction corrected Hα measurements to L Hα(obs) + 0.02 × L24µm, the linear combination of uncorrected (observed) Hα and 24µm luminosities indicated in Kennicutt et al. (2009) . They find that this combination of obscured and unobscured SFR indicators best reproduces the carefully corrected Hα values they report, making it an excellent SFR indicator in cases where extinction corrections are not available.
The cloud of points in Figure 3 is centered around L Hα(cor) = L Hα(obs) + 0.02 × L24µm, indicating that our extinction corrections produce a corrected Hα value that, on average, agrees with the value predicted by the relationship in Kennicutt et al. (2009) based on our 24µm data. There is ∼ 0.5 dex of scatter (similar to that shown in Figure 11 of Kennicutt et al. (2009) ) but no systematic variation with c Hβ (Spearman rank-order coefficient of -0.13), suggesting that a systematic error in extinction correction is not responsible for the scatter in Figures 2 and 3. 
Variation in Reprocessing Efficiency
To explore this idea further, we plot in Figure 4 the 8.0µm efficiency; that is, the ratio of the dust-only 8.0µm surface luminosity density to extinction-corrected Hα luminosity surface density, vs metallicity. The data in this plot show a positive trend, with a Spearman rank-order coefficient of 0.63, indicating that more metal rich galaxies are more efficient at reprocessing UV photons into PAH vibrational emission features. The fitted empirical relationship is: log f8.0µm fHα = −7.8 ± 0.7 + 1.08 ± 0.08 × [log (O/H) + 12] (5) As mentioned above, the extinction correction applied to the Hα measurements used in the ΣSFR calculation dominates the uncertainty budget in our SFR measurements; if this uncertainty had a systematic component to it, it is possible that, since metallicity and extinction are causally linked, a systematic error the extinction correction could artificially create the trend seen in Figure 4 . To address this issue, we plot in Figure 5 the 8.0µm efficiency (described above) against the c Hβ Balmer decrement for each object. We conclude from the lack of correction in Figure 5 (Spearman rank-order coefficient of -0.03) that we can reject with high confidence the possibility that the relationship between 8.0µm efficiency and metallicity is driven by systematic errors in the Hα extinction correction. Engelbracht et al. (2005) explore the idea that metallicity affects PAH reprocessing of UV starlight with a sample of galaxies designed to span a wide range in metallicity; their conclusions are similar, indicating that low metallicity galaxies are PAH deficient, or, at least PAH inefficient. One explanation they suggest is drawn from the idea that the ISM is enriched with oxygen before carbon-rich asymptotic giant branch stars release the carbon needed to form PAHs. We explore this idea here by in Figure 6 , where we plot 8.0µm efficiency against extinction-corrected Bw-R observed color, a crude indicator of stellar age; the data in Figure 6 show no correlation, with a Spearman rank-order coefficient of 0.02.
It is important to note that the lowest metallicity galaxies in this sample are more than a dex more metal rich than the lowest in the sample presented by Engelbracht et al. (2005) , who interpret the link between metallicity and 8.0µm properties as a break in infrared colors around a metallicity of log(O/H) + 12 < ∼ 8. The lack of correlation of 8.0µm efficiency with Bw-R color in this sample is not in disagreement with the concept of carbon-rich asymptotic giant branch stars affecting the PAH content of the ISM, but it does suggest that the the link between metallicity and 8.0µm efficiency is more complex than a simple correlation with stellar age in the range sampled by KISS and probed by Bw-R colors.
Properties of the KISS Galaxies
Without greater insight into the nature of the galaxies being studied it is unclear if the correlations presented above are physically significant across a range of redshifts. To investigate the properties of the KISS sample, we measured the stellar masses of the KISS galaxies using well-established mass-to-light ratios (Bell et al. 2003) . The mass-to-light ratios in Bell et al. (2003) that we used are based on Sloan Digital Sky Survey photometry and population synthesis models. Specifically, we utilized parameters from Table 7 in Bell et al. (2003) to write the logarithmic stellar mass of a galaxy, in units of M⊙, as its logarithmic I band luminosity plus a linear function of [B-R] color:
We note here that Bell et al. (2003) report that their optical mass-to-light relations have an uncertainty of ∼ 0.1 dex, and that we have propagated this uncertainty forward through the equations that follow. Figure 7 represents with a black histogram the masses of the 76 KISS galaxies for which Bw, R, and I band data are available. For comparison, we have represented with a red histogram the stellar masses of galaxies from the The GALEX Ultraviolet Atlas of Nearby Galaxies (Gil de Paz et al. 2009 ). These masses were also computed from broadband photometry using mass-to-light ratios from Bell et al. (2003) . As can be seen in Figure 7 , the distribution of masses of KISS galaxies follows closely that of the galaxies from Gil de Paz et al. (2009) . Also included in Figure 7 are several Local Group galaxies; the KISS mass distribution spans these objects, and we conclude that the survey methodology behind KISS is effective at sampling typical galaxies.
Because λ = 3.6µm is well into the Rayleigh-Jeans tail, even for M stars, the mid-infrared colors of stellar populations are not a strong function of age or metallicity, and are even less affected by dust obscuration and reddening than H and K bands. For these reasons, 3.6µm luminosity is appealing as a stellar mass indicator. While the 3.6µm band is contaminated by emission from hot dust and the 3.3µm PAH emission feature, these sources contribute only 5 to 15% of the whole-galaxy luminosity flux in this band (Meidt et al. 2012 ). In Figure 8 we plot integrated 3.6µm luminosities vs stellar masses for the 76 galaxies for which we have NDWFS photometry. The horizontal (stellar mass) error bars are dominated by the 0.1 dex uncertainty in the Bell et al. (2003) mass-to-light relationships. The relationship between the parameters in Figure 8 is fairly scattered, with a Spearman rank-order coefficient of 0.47; moreover, it is clearly dependent on Bw-R color, and, upon close inspection, bimodal.
The reason is apparent in Figure 9 , where we see a bimodal color distribution. Previously, we reported a much tighter relationship between the 3.6µm luminosity and stellar mass for these same galaxies (Young 2012) , however in that analysis our photometry was performed using apertures that were designed to encompass all of the objects and avoid missing light; the elliptical regions detected by SExtractor are restricted to photometrically secure areas, which favors the centers of galaxies over the outskirts. Thus, late-type galaxies that are bulge dominated have much redder colors in the analysis presented here. We interpret the bimodality in Figure 9 as a bimodality in the colors of galaxy centers, which is still apparent, though less obvious, in the trend presented in Young (2012) . The mass surface densities, computed via the Bell et al. (2003) relationship above and the optical luminosity surface densities, are presented in Table  1 .
DISCUSSION
Using luminosity surface densities we confirm the correlations directly relating 8.0µm luminosities to starformation rates presented in earlier work (Wu et al. 2005 ; Pérez-González et al. 2006, see Table 2 ). Our method has the advantage that it normalizes out galaxy size, unlike results from studies which use whole galaxy luminosities, thereby removing the possibility that the correlations presented are simply due to larger galaxies being, on average, brighter in all bands. Our use of Σ λ rather than L λ also largely sidesteps additional uncertainty in the redshift to distance calculation (see Section 2).
We find that our data show a much larger relative scatter. Because of its Hα selection, KISS samples a broad range of star-forming galaxies, especially when compared with the samples of earlier authors, such as Wu et al. (2005) , who selected bright galaxies, Calzetti et al. (2005) , Calzetti et al. (2007) , and Pérez-González et al. (2006) , who studied starforming regions in nearby galaxies, or Rosenberg et al. (2006) , who studied dwarf galaxies. Although the direct relationships presented here have more scatter, they are more representative of Hα-bright galactic populations by virtue of drawing upon an Hα-selected volume-limited sample. Moreover, the extinction-corrected objective-prism Hα measurements give this sample total galaxy-wide SFRs, while other work commonly samples only parts of the target galaxies with slit spectra.
The results here are consistent with work to date in reporting that 8.0µm PAH emission correlates with SFR with a power-law coefficient slightly less than unity, around 0.9 in this work and in Pérez-González et al. (2006) . In line with earlier work (e.g., Wu et al. 2005; Calzetti et al. 2007 Calzetti et al. , 2010 , we speculate here that the coefficient value of less than one is driven by the destruction of PAHs by ultraviolet light. This idea is in-line with observations that PAH emission is predominantly on the rims of HII regions (Helou et al. 2004; Bendo et al. 2006 ). The power-law coefficient of around 0.9 in the PAH to SFR relation is, then, hardly unexpected as large galaxies with vigorous star formation are more likely to have many HII regions than to have one monolithic region. Multiple HII regions would increase the surface area to volume ratio, and with it the PAH reprocessing efficiency.
As mentioned above, earlier works (e.g., Calzetti et al. 2007; Engelbracht et al. 2005) note that the carbon content of PAHs make 8.0µm luminosity sensitive to both starformation history and metallicity. We speculate, as they suggest, that galaxies with higher metallicities or richer starformation histories might be more PAH rich and have larger ultraviolet covering factors, which is in keeping with the findings in Engelbracht et al. (2005) , and would also explain the trend in Figure 4 . While neither this work nor Engelbracht et al. (2005) possess a simple metric for starformation history, our findings strongly complement their sample of galaxies, which were selected to span an extremely wide range in metallicities. In particular, the lack of correlation between 8.0µm efficiency and extinction (see Figure 5) suggests that the scatter in the correlation between Σ8.0µm and ΣSFR is not driven by older galaxies being dustier in general, but rather having a higher proportion of PAHs to silicate dust.
Directly comparing our data to the relationships presented in Wu et al. (2005) and Pérez-González et al. (2006), we find that the Wu et al. (2005) relationship under predicts SFR for a given 8.0µm luminosity, while the Pérez-González et al. (2006) relationship over predicts SFR for a given 8.0µm luminosity; our data and our fitted relationship are logarithmically intermediate. This is consis-tent with the metallicity to PAH reprocessing efficiency relationship presented in Engelbracht et al. (2005) , since Pérez-González et al. (2006) examined dwarf galaxies, with low metallicities, and Wu et al. (2005) focused on bright galaxies, which largely represent the cores of mature galaxies. Our volume-limited sample shows a larger spread than either of these studies and falls in between.
In contrast, we find relatively little correlation between Σ24µm and ΣSFR. With a Spearman rank-order coefficient of 0.37, we cannot rule out the possibility that there is a weak correlation between these parameters, however any such relationship is dominated by galaxy-to-galaxy variation within the mass, metallicity, and luminosity range that this sample covers. Moreover, from the color coding scheme in Figure 2 , it is clear that there is no particular trend with metallicity. Again, by normalizing to galaxy size, we have removed the effect of larger galaxies being, on average, brighter in all bands.
CONCLUSIONS
Using our Hα-selected sample of star-forming galaxies, we confirm the calibrations from earlier work (e.g., Calzetti et al. 2007; Wu et al. 2005; Alonso-Herrero et al. 2006; Pérez-González et al. 2006; Relaño et al. 2007 ) indicating that IRAC 8.0µm luminosity tracks SFR as measured by Hα emission. The physical mechanisms for this indicator, ultraviolet-excited PAH vibrational line emission, is well understood. We also support observations linking 8.0µm emission to metallicity, with findings that more metal rich galaxies are more efficient at processing UV photons into PAH emission. This behavior does not appear to be correlated with extinction or Bw-R color. Conversely, we find that MIPS 24µm warm dust thermal emission is a poor indicator of galaxy-wide star formation. Using optical mass-to-light ratios, we find that the KISS sample of galaxies closely mimics nearby galaxies in terms of stellar mass distribution. We find that IRAC 3.6µm luminosity tracks stellar mass, but not sufficiently well that it can be applied without a color correction.
In future work, fitting the SEDs of KISS galaxies will allow us to characterize the typical SEDs of star-forming galaxies. Modern SED models allow the inclusion of farinfrared dust emission. Using the 3.6µm band to anchor the stellar mass and the optical bands to calibrate the stellar age, with the KISS sample we can estimate the PAH and dust contributions to the infrared SEDs of high-redshift star-forming galaxies observable with ALMA and Herschel.
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